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ABSTRACT

Seedling emergence is one of the most important factors in the establishment of optimum plant density for a ma-
ximum yield. Seed quality and seedbed conditions affect seedling emergence. Seedbed condition is affected by soil
content, especially soil organic matter. Therefore, the objective of this study was to determine the effects of soil
organic matter on germination and seedling emergence of three hybrid sunflower (Helianthus annuus L.) cultivars.
This research was conducted in 2000 and 2001 in field and glasshouse conditions. Perlite and 20 soils with different
organic matter contents were used as seedbed conditions. Soil organic matter, environment, and soil organic matter x
environment factors had significant effects on seedling emergence. Decreasing soil organic matter content resulted in
a decrease of seedling emergence due to the decreases in water content of the soil. This effect was clearer in adverse

environmental conditions, especially in the soils with less than 2% organic matter.
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It is hardly possible to reach a maximum seed
yield without successful seedling establishment.
The period of germination and seedling emergence
prior to establishment is the most vulnerable stage
in a crop’s life. Poor seedling emergence results
in yield reductions. This may be due to poor soil
water content (Forbes and Watson 1992), seed-soil
contact (Stewart et al. 1999), inaccurate seed place-
ment, low and high soil temperatures (Forbes and
Watson 1992), soil insects or soil-born disease, soil
compaction or smearing (Nasr and Selles 1995),
surface crusting after sowing and poor quality
seeds (Ahmad 2001).

Seiler (1998) suggested that optimal seedbed
conditions are needed for successful seedling
emergence in sunflower. Sunflower, like other
crops, requires proper seedbed conditions for
optimum plant establishment.

A suitable seedbed condition for germination
and seedling emergence depends on soil physical
properties. The soil organic matter is an impor-
tant component of the soil. Soil organic matter
consists of living organisms (< 5%), fresh organic
residue (< 10%), active organic fraction (33-50%)
and stabilized organic matter, also referred to as
humus (33-50%).

Most soils contain 2-10% organic matter. Even in
small amounts, organic matter is very important.
Organic matter has a profound impact on soil
physical, chemical and biological properties (Bell
et al. 1998, Brussoard 1998, Jonge et al. 1999, Six
et al. 2000, Carter 2002). Organic matter has sev-
eral functions in soil; it increases nutrient holding
capacity of soil, is a pool of nutrients for plants,
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improves water infiltration, decreases evaporation,
increases water holding capacity, reduces crust-
ing, improves aggregation, prevents erosion, and
prevents compaction (Carter 2002).

Soil organic matter has to be at least 2% for soil
productivity. With conventional wheat-sunflower
rotation (Bowman et al. 2000), erosion (Olson et al.
2002), incorrect tillage (Kushwaha et al. 2001), and
other applications (Schjonning et al. 2002) cause
negative changes in the fertility of soils in the Thrace
Region of Turkey. In this region, while 35.2% of
the total arable area had organic matter over 2%
in 1970, only 6% of the total arable area had more
than 2% organic matter in 1989 (Tok 1991).

In recent years, insufficient seed germination and
seedling emergence in sunflower production areas
is a major problem, especially along with poor
climatic conditions. This study was designed to
determine the effects of soil organic matter on seed
germination and seedling emergence in sunflower
(Helianthus annuus L.).

MATERIAL AND METHODS

This research was conducted in 2000 and 2001
in the field and in glasshouse conditions as pot
experiments. A large number of soil samples were
collected from different parts of the Thrace Region,
Turkey. Among them, twenty different soils con-
taining different organic matter percentages (but
showing similarity for other soil properties) were
chosen. Soil properties are given in Table 1. The
average soil properties were 6.90 pH, 51.00% water
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Table 1. Properties of the soils containing different organic matter percentages

v P Gy ey gm0 @sm ™ONIE TN T
0.14 6.94 51 78 601 2.52 1.5 0.4 18.0 8.4 3.2
0.60 6.91 50 79 587 2.50 1.5 1.3 18.7 8.9 3.1
0.92 6.93 52 80 600 2.51 1.5 15 18.9 9.1 3.5
1.17 6.89 50 77 588 2.49 1.5 92 19.4 9.5 3.7
1.50 6.87 51 78 594 2.50 1.3 187 19.9 9.5 4.1
1.91 6.89 51 80 600 2.51 1.5 209 20.1 9.7 3.9
2.18 6.91 51 79 601 2.48 1.4 233 20.4 10.1 4.7
2.54 6.93 52 78 589 2.52 1.5 248 20.9 11.3 4.8
2.92 6.90 51 80 597 2.50 1.5 360 20.3 12.1 5.9
3.24 6.93 51 78 596 2.51 1.5 371 20.5 12.4 7.4
3.60 6.92 51 81 605 2.50 1.5 476 21.4 12.7 8.6
3.85 6.89 51 82 612 2.50 1.4 480 229 12.5 9.5
4.17 6.90 50 80 609 2.52 1.5 484 21.3 10.4 10.7
4.58 6.90 52 82 605 2.50 1.5 509 21.5 11.5 10.7
4.81 6.90 51 82 595 2.48 1.5 520 21.4 11.7 11.5
5.11 6.88 52 81 596 2.49 1.6 627 22.3 14.5 10.5
5.46 6.87 50 81 603 2.50 1.5 645 23.8 16.4 12.8
5.79 6.89 51 81 600 2.49 1.6 767 24.6 16.3 13.4
6.63 6.88 51 82 609 2.50 1.6 906 249 16.3 13.9
6.68 6.87 51 81 613 2.48 1.6 785 24.1 16.1 13.4

SOM = soil organic matter, WS = soil water saturation, TMON = soil total micro organism number (number/g), WCF = soil water

content at field capacity, WCO = soil water content at the end of 2000 field experiment, WC1 = soil water content at the end of

2001 field experiment

saturation, 80 kg/ha P,0,, 600 kg/ha K,0, 2.50%
lime and 1.5 dS/m EC. In addition, the decrease of
soil organic matter results decrease the soil water
content, and decreasing the total soil living organ-
isms determined by Dilution method (Black 1965).
Organic matter of the twenty soils was 0.14, 0.60,
0.92,1.17,1.50,1.91, 2.18, 2.54, 2.92, 3.24, 3.60, 3.85,
4.17, 4.58, 4.81, 5.11, 5.46, 5.79, 6.63, and 6.68%,
determined by a modified Walkley-Black method
(Chapman and Pratt 1961). Perlite (0.00%) was used
as a control. Seedling emergence tests in the field
were carried out with three sunflower cultivars
(Sunbro, Isera, Pioneer 6482). Experimental design
was Split Split Plot Design with four replications.
The sowing depth was 2 cm for all experiments.
100 seeds were sown per pot being 5.3 liter on
the 20 April in both years, when soil temperature
reached 15-20°C. Prior to sowing, the soil was
watered once to field capacity. In the rest of the
experimental period, the pots were not watered,
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except by rainfall. Climatic data for 2000 and 2001
are presented in Table 2.

In the glasshouse, the same experiment using
the same soils and sunflower varieties was con-
ducted. Soil temperature and water content of the
seedbed were kept around optimal (20 + 2°C) for
germination and seedling emergence. Unlike the
field experiments, all pots in the glasshouse were
kept around field capacity during the whole ex-
perimental period (each pot in the glasshouse was
watered to field capacity when it weighed less than
at field capacity). Seedling vigour was determined
at the 14th day after sowing. Statistical analyses
were carried out by SAS program.

RESULTS AND DISCUSSION

Three hybrid sunflower cultivars were grown
in the glasshouse and under two field condi-
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Table 2. Climatic data during experimental periods in 2000 and 2001

Temperature (°C) Relative humidity (%)

Rainfall (mm)

Soil temperature
of 5 cm depth (°C)

Soil temperature
of 10 cm depth (°C)

Day
2000 2001 2000 2001 2000 2001 2000 2001 2000 2001
1 15.8 14.2 88.7 85.7 3.6 - 16.1 16.0 15.9 15.8
2 14.8 15.4 94.7 78.3 1.1 0.1 16.5 14.7 16.2 14.8
3 15.0 16.3 92.3 69.0 12.5 0.4 17.8 18.0 17.6 17.2
4 15.2 11.6 94.3 80.7 9.4 0.3 16.9 14.4 16.6 14.9
5 14.9 16.3 93.7 46.0 3.7 2.9 17.0 16.3 16.8 15.9
6 16.9 16.2 88.7 63.0 0.3 - 19.5 19.2 19.0 18.7
7 14.4 14.8 92.7 78.0 2.2 - 18.5 19.3 18.2 19.0
8 13.2 15.3 93.0 79.3 - - 15.5 20.5 15.4 20.0
9 14.8 16.8 85.0 68.0 4.0 - 17.4 21.6 16.6 21.1
10 15.9 15.3 91.3 63.7 5.0 - 16.9 21.2 16.6 20.9
11 16.4 14.2 89.0 75.7 2.8 - 19.1 19.5 18.7 19.3
12 15.1 15.7 90.7 60.7 - - 20.7 19.3 19.1 19.1
13 14.4 18.3 95.0 49.3 - - 17.7 19.8 17.7 20.0
14 10.2 16.2 75.7 69.0 31.7 - 13.8 21.0 13.9 21.7
15 10.7 16.7 71.0 69.3 - - 14.9 21.6 14.5 21.3
Total 217.7 233.3 89.1 69.1 76.3 3.7 258.3 282.4 252.8 279.7

tions, a total of three different environments
using 21 different seedbeds including the con-
trol (perlite). The result of variance analysis for
seedling emergence is presented in Table 3. The
effects of organic matter, environment, and their
interaction on seedling emergence were all sig-
nificant. However, the effects of the cultivar and
other interactions on seedling emergence were
not significant.

A comparison of environments with respect to
mean seedling emergence percentage using the

Table 3. Variance analysis of data for seedling emergence

LSD test (5%) showed that the highest seedling
emergence percentage (93.42%) was obtained from
glasshouse experiments in which the optimum
condition was provided for seed germination
and seedling emergence (Figure 1). There was
also a significant difference between the results
of 2000 and 2001 field tests. Seedling emergence
percentage in 2001 (69.87%) was lower than that
in 2000 (76.13%), as total rainfall in 2001 was less
than in 2000, and total temperature during the
experimental period in 2001 was higher than in

df Mean square F-value

Organic matter 20 12 599.350 2 939.5%*
Environment 2 34 484.905 8 745.4**
Cultivar 2 4.619 1.0
Organic matter x environment 40 2 294.355 535.2**
Organic matter x cultivar 40 4.407 1.0
Cultivar x environment 4 2.935 0.6
Organic matter x environment x cultivar 80 4.655 1.0

* and ** means statistical significance at the 0.05 and 0.01 levels, respectively
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Figure 1. Comparison of environments for seedling emergence

percentage (* means with different letter are significant at 0.05
significance level, LSD,) .. = 0.362)

2000. The relatively high total temperature in 2001
caused more water evaporation from the soil.

Figure 2 indicates that seedling emergence per-
centage exponentially increased with increasing
soil organic matter content. After about 3% organic
matter content, the increase in seedling emergence
slowed. All soils, except the soil containing the
lowest organic matter, produced better results
than the perlite control. All these clearly show
that organic matter content in the soil is a very
effective factor in seedling emergence, the first
step of plant growth.

Although the field results in 2001 show similarity
with those in 2000 at higher soil organic contents,
seedling emergence in 2001 was more inhibited by
soils containing low levels of organic matter, such

Figure 2. The effect of organic matter on
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average seedling emergence of three sun-
flower cultivars under field conditions in
2000 (LSD, 45 =1.660 and 0.00 organic matter
indicates perlite as control)

Figure 3. The effect of organic matter on
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average seedling emergence of three sun-
flower cultivars under field conditions in
2001 (LSD, 45 =1.660 and 0.00 organic matter
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Figure 4. The effect of organic matter on
average seedling emergence of three sun-
flower cultivars under glasshouse condi-
tions (LSD,, ;s = 1.660 and 0.00 organic
matter indicates perlite as control)
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as 0.14 and 0.16% (Figure 3). This could be a result
of relatively less rainfall and high temperature in
2001. Therefore, deficiency of organic matter in
the soil had a more constraining effect on seedling
emergence of sunflower grown in adverse environ-
mental conditions, as in 2001. The effect of adverse
environmental conditions, compared to 2000, was
eased by higher soil organic matter contents (e.g.
6.63, 5.79 and 5.46%).

In addition to the field experiment, the same
experiment was conducted in a glasshouse in or-
der to see the response of hybrid sunflower cul-
tivars to favourable conditions. Figure 4 shows
the seedling emergence percentages in different
soils including perlite, which were all watered
and kept around optimum conditions during the
whole experimental period. Temperature was also
maintained at 20 + 2°C. Seedling emergence in the
glasshouse was higher than under field conditions.
The highest seedling emergence was obtained in
soils having the highest organic matter contents
and in perlite control, whereas the lowest seedling
emergence was obtained in soils with 0.14 and
0.60% organic matter. An additional point is that
there was a lower variability between the lowest
and highest seedling emergence values in the glass-
house experiment, compared to field conditions.
However, there was still a reduction in seedling
emergence with decreasing levels of organic mat-
ter. Even in the glasshouse where optimum growth
conditions were provided, lower than 1% caused
low seed germination and seedling emergence at
unacceptable levels unacceptable for cultivation.

The results showed that the effects of environ-
mental conditions and soil organic matter con-
tent were significant. The research also showed
that, in unfavourable conditions, there would be
a seedling emergence problem in soils containing
less than 2.00% organic matter, possibly because of
unsuitable soil physics and biological properties.
It is well known that organic matter increases soil
water capacity and lessens evaporation from the
soil (Tisdale and Oades 1982, Jonge et al. 1999,
Kushwaha et al. 2001). Good seedling emergence
could reflect soil physical properties (Forbes and
Watson 1992, Nasr and Selles 1995, Seiler 1998).
Because a very small proportion of organic mat-
ter, the living biological part of the soil, is known
to enhance seedbed conditions for desired seed
(Anderson 2003). It could also be speculated that
this living biological part of soil affects seed ger-
mination and seedling emergence.

In conclusion, organic matter content in the
soil since it increases the water holding capacity
of the soil had a significant effect on seedling
emergence of the three hybrid sunflower cultivars.
This effect was clearer in adverse environmen-
tal conditions. Especially in soils with less than
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2% organic matter, it was found to be difficult
to obtain or target optimum plant density for
maximum seed yield.

This study addresses the problem of decreasing
organic matter in the soil, a result of mistakes in
cultivation such as tillage and, crop rotation, as
well as erosion, that may cause problems in seed
germination and seedling emergence. Organic mat-
ter content in poor soils should be ameliorated, for
not only to obtain good seedling emergence, but
also optimum plant growth at later stages.
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Vliv obsahu organické hmoty v ptidé na vzchazivost nazek slunecnice (Helianthus annuus L.)

Vzchazivost semen je jednim z nejvyznamnéjsich faktorti zaloZeni porostu s optimalni hustotou potfebnou k dosazeni
maximalniho vynosu. Polni vzchazivost je dana kvalitou osiva a podminkami setového ltizka, které jsou ovlivnény
sloZenim pudy, a to zejména plidni organickou hmotou. Pfedmétem studia bylo proto stanoveni vlivu organické
hmoty v ptidé na kliceni a vzchazivost tf1 hybrida slunecnice (Helianthus annuus L.). Vyzkum byl realizovan v letech
2000 a 2001 v polnich a sklenikovych pokusech. Perlit a 20 ptidnich vzorkt s rozdilnym obsahem organické hmoty
byly pouzity jako varianty podminek setového ltizka. Obsah organické hmoty v plidé a prosttedi a interakce orga-
nické hmoty s podminkami prostfedi priikazné ovliviiuji vzchazivost osiva slunecnice. Se sniZujicim se obsahem
organické hmoty v ptdé se snizuje vzchazivost osiva v diisledku poklesu obsahu vody v ptidé. Uvedeny vliv byl
vyznamnéjsi za nepfiznivych podminek prostiedi, zejména u ptid s obsahem organické hmoty niz§im nez 2 %.

Klicova slova: slunecnice (Helianthus annuus L.); vzchazivost semen; organicka hmota v ptidé; obsah vody
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